The former uranium mine Senocos (Blagoevgrad district, Bulgaria) has been exploited until 1991 when it was closed and later (1994)(1995)(1996)(1997) 
Introduction
The intensive uranium mining and milling performed over 40 years (up to 1990) in Bulgaria have caused significant pollution with uranium and other toxic metals and metalloids in the regions of mining activities. The migration of uranium from uranium-mining operations and the disposal of radioactive wastes are major environmental concerns (1) . The mobility of uranium is determined by its interactions with soils and subsoils composed of abiotic and biotic components, principally minerals and bacteria, respectively (4, 5, 11, 26) .
After the liquidation of uranium mining and processing in Bulgaria, technical and biological reclamation of uranium mining impacted areas was conducted according to the legislation. Nevertheless, today a large number of uranium mining wastes and mill-tailings continue to be hazardous sources for environmental pollution in impacted regions.
Data in literature confirmed the major role of bacteria in nature as well as in anthropogenically influenced biochemical cycling of uranium. Some authors indicated bacterial tolerance to radioactivity (3) as well as their ability to bioaccumulate (19, 22) or/and to biotransform (16) uranium. Nevertheless, it was recorded shifts in soil bacterial communities' composition, structure (8) and metabolic activities (9) caused by uranium pollution. For these reasons, knowledge of diversity and activity of indigenous bacteria in uranium impacted soils is of fundamental importance for understanding the impact of pollution on soil microbiota and its share in cycling of nutrients in these environments.
The impact of uranium pollution on soil bacterial communities was studied in the region of former mine Senocos which is situated 1 km west-northwest of Senocos village -Simitli municipality (Blagoevgrad district). It was an opencast mine exploited from 1988 to 1991 as uranium mining was combined with an underground leaching of ore.
In and biologically) but recently part of the reclaimed waste piles and mill tailings are strongly eroded and the reclamation is completely compromised.
The aim of the study is to assess the changes in abundance and diversity of soil bacterial communities in the impacted area of uranium mine Senokos.
Materials and Methods

Sample collection
Soil samples were taken in October 2009 under sterile conditions at soil depth of 5-10 cm in the region of uranium mine Senocos (SPS(1) -SPS(5)) and 2 km above the mine (SPS(K1) -SPS(K5); control plot). The samples were stored at -20°C for molecular analysis. The average values of parameters measured were noted in the text and figures as SPS(M) for the mine area and SPS(K) for the control plot.
Environmental variables
The pH(H 2 O) of soil extracts was measured potenciometrically by HANNA pH-meter (soil:liquid, 1:5). Inorganic nitrogen (NH 4 -N and NO 3 -N) and phosphorus (PO 4 -P) were determined spectrophotometrically in water extracts of soil samples (soil : water, 1:10) (13, 20) . Organic matter was measured following Turin method (12) . Radioactivity of U235 and U238 and the radioactivity of some daughter isotopes of their decay series were analyzed by γ -spectrophotometer CANBERRA (CANBERRA PACKARD, Belgium).
Microbial parameters
Bacterial abundance (BA)
Bacteria were counted in 0.9% NaCl extracts of soil samples preserved with prefiltered formaldehyde (final concentration 2% v/v) (6) . Subsamples (25-50 ml) were filtered through 0.2 µm pore size black polycarbonate filters (Nucleopore, 25 mm diameter) and stained with acridine orange (0.001% final concentration) according to Hobbie et al. (10) . Samples were counted using an epifluorescence microscope. Minimum 300 bacteria were counted on at least 10 fields of the filter and were calculated according to Fredrickson and Balkwill (6) .
Dehydrogenase activity (Dha)
Dehydrogenase activity was assayed under standard conditions by the method of reduction of 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyltetrazolium chloride (INT) to INT formazan according to Casida (2) as modified by Friedel et al. (7) . Briefly, soil samples were placed in test tubes (16x100 mm) and 2.5 ml of INT-Tris buffer (0.1 M Tris-HCl pH 7.9 containing 2% INT) were added. The tubes were sealed with plastic stoppers and incubated at 25°C for 3 hrs. The reaction was stopped by adding 0.2 ml ice acetic acid. The formazan formed was extracted three times with 10 ml of methanol for 30 min in the dark. The absorbance was measured at 485 nm and the amount of INT reduced was calculated from INT formazan calibration curve.
Community-level physiological profiles (CLPP)
The utilization of carbon sources was analyzed by EcoPlates™ BIOLOG assay (31 carbon sources). The plates were inoculated with cell suspensions (soil : 0.9% NaCl, 1:100; 220 rpm; 20 min) and incubated at 25°C for 7 days. Substrate utilization was detected colorimetrically at 590 nm by well coloration.
DNA extraction
Total DNA was recovered from 3 g soil by direct lysis according to Selenska-Pobell et al. (23) , by which only high molecular DNA (>25 kb) from intact bacterial cells was recovered. The supernatant after centrifugation of the samples was finally purified by using Nucleobond cartridges AXG-100 (Macherey-Nagel, Duren, Germany).The resulting DNA pellet was dissolved in 50 µl of TE buffer (10 mM Tris, 1 mM EDTA, pH 8).
ARDRA
Complete 16S rRNA genes were amplified with bacterial specific forward primer 16S8F-27F (5'-AGAGTTTGATYMTGGCTCAG-3') and universal reverse primer 16S 1492-1513R (5'-TACGGYTACCTTGTTACGACTT-3'), E. coli numbering (21) . The PCR products were digested with the restriction endonuclease MspI (Fermentas) and the fragments were separated in 3.0% agarose gels. After staining with ethidium bromide, the gels were visualized under UV illumination and the relative intensity of bands was calculated by Gel-Pro 3.1 software. 
Statistical analysis
Results and Discussion
Environment
Soils in the region of Senocos mine were sandy loam with low cation exchange capacity (11.20± 7.8 meq per 100 g soil), low organic matter content (on average 3.87±1.8%) and low content of bioavailable inorganic nitrogen and phosphorous (on average 2.55±1.0 and 6.59±4.6 mg kg-1, respectively). pH varied from 6.22 to 7.8, and on average 7.2.
The data of radionuclide pollution of Senocos mine region are given in Table 1 . In nature, uranium is found as U238 (99.284%), U235 (0.711%), and a very small amount of U234 (<<0.1%). Natural uranium is not significantly radioactive, but Uraninite, a common distributed uranium ore, is 13 times more radioactive because of the radium and other daughter isotopes that it contains. The U235 and U238 radioactivity and hence α -and β -radiation on the territory of mine was around 4.3 and 2.1 times higher than the background as it varied from point to point. In point SPS(5), the radioactivity of Ra226 and Ra223 was around 17 and 10 times higher than that in SPS(3).
Bacterial abundance
Average BA (ABA) on the territory of mine was unchanged comparing to SPS(K) varying from 19.0 x 10 8 cell g -1 to 2,48
x 10 8 cell g -1 and on average (8.52±5.1) x 10 8 cell g -1 (Fig.   1) .
On the territory of mine in point SPS(1), BA was traditionally higher in all samples taken seasonally than the other points of sampling, probably, due to higher organic matter content (12.1%) of cover soil (0-5 cm). ABA on the territory of mine excluding BA of SPS (1) 
Bacterial dehydrogenase activity
In contrast to unchanged ABA, average dehydrogenase activity of soil bacteria (ADha) on the territory of mine differed significantly from that of control plot (p<0.05) (Fig.  1) . The capacity of bacteria to cycling organic matter expressed by Dha of control soil (28.97±3.6 μg F g -1 h -1 ) was around 2.8 times higher than that of mine soil bacteria (10.49±5.6 μg F g -1 h -1 ). The higher radiation and concentration of U on mine territory decreased the activity of dehydrogenase enzymes and hence the cycling of nutrients in soil. According to some authors (14, 15, 27) , dehydrogenase enzyme complex is a sensitive indicator of adverse effects of heavy metal pollution on soil bacterial communities. In the study, it was extended the potential of Dha as a sensitive bioindicator in assessing the impact of radionuclides' and metalloids' contamination of soil. The concentrations of heavy metals in soil were under the thresholds and thereby they did not take any significant share in Dha reduction 
Community-level physiological profiles (CLPP)
The average well color developed (AWCD) and Shannon index were lower for mine bacterial communities but not significantly different from that of control plot (p=0.05) (Fig.  1) . CLPP in a greater extend were under the control of edaphic factors than the pollution, especially as the level of pollution was relatively low. The number of unavailable carbon sources for soil bacteria were 1 (control), 7 (SPS(3)) and 3 (SPS (5)). In all sampling points on control and mine territories, bacterial heterotrophic communities easily assimilated D-galacturonic acid but 2-hydroxybenzoic and α -ketobutiric acid (mine and control bacterial communities), as well as phenylethylamine (mine bacterial communities), erithritol and D,L-glycerol phosphate (control bacterial communities) were resistant for them and the levels of well coloration (EcoPlatesTM) were low (Fig. 2) . As a whole, the more unavailable carbon sources for bacterial communities tested were carboxylic acids and amines. Community composition ARDRA was performed as a DNA-based fingerprinting method but the profiles of control bacterial communities were not identified because of some technical problems. That is why, in the study it was compared only the profiles of SPS(3) and SPS(5) bacterial communities. The total bands of ARDRA profiles of SPS(3) and SPS(5) bacterial communities were 12 as they shared five of them (Fig. 3) . The number of bands in ARDRA profile of SPS(3) and SPS(5) were 10 and 7, respectively. The diversity of SPS(3) bacterial communities expressed by Shannon index (H'=2.23) was higher than that of bacterial community SPS(5) (H'=1.79). The optical density of bands in the profile of SPS(3) bacterial community was relatively equal and except bands 6 (17.5%), 11 (5.6%), and 12 (3.75%) it varied from 8.3% to 12.7% of total. In a contrast to it, the ARDRA profile of SPS(5) bacterial community was represented mainly of bands 1 (33.0%), 5 (17.0%), and 6 (16.5%) which accounted around 66.5% of total optical density of lane. The low biodiversity of SPS(5) bacterial community in a more favorable environment (unpublished data) than that of SPS(3) could be referred to the higher radionuclide and chemical pollution in point SPS (5) . SPS(5) bacterial community was composed of low number but well adapted to the higher level of pollution species.
Conclusions
Soil bacterial communities are influenced by uranium mine pollution and the strongest adverse affects concerned dehydrogenase enzyme complexes, community level physiological profiles of heterotrophic bacterial block, and species diversity. Bacterial abundance is under the control of edaphic factors rather than the pollution and it remains relatively the same as the background.
